A utologous serum (AS) eyedrops have been reported to be efficacious in the management of ocular surface disorders and following ocular surface reconstruction. [1] [2] [3] [4] [5] [6] [7] [8] As autologous serum drops have a high protein content there is a significant risk of microbial colonisation. The toxicity of any added preservatives can negate some of the beneficial effects of AS and are therefore avoided.
The drops are prepared under sterile conditions on an individual patient basis but there are risks for contamination during the preparation, storage, and use of the drops. When used following ocular surface surgery, they are usually combined with topical prophylactic antibiotics. However, there have been reports of serious infection following use of serum drops. 3 5 With the increasing use of autologous serum drops it is important to have information on their sterility. It is also possible that because serum itself may have some bacteriostatic effects-for example, lysosyme, complement, and IgG-the addition of a further bacteriostatic agent may not be necessary.
We conducted a study to establish if contamination of 20% autologous serum drops, prepared under sterile conditions, occurs over a 24 hour period of one to two hourly use in a hospital inpatient setting.
MATERIALS AND METHODS

Patients
The autologous serum drops used in the management of 14 consecutive patients following ocular surface surgery were examined. No patient had bilateral treatment. Three patients had undergone stem cell transplants, seven amniotic membrane transplants, one tenoplasty and amniotic membrane transplant, and one patient combined penetrating keratoplasty amniotic membrane transplant and stem cell transplant. The patients' age range was 28-84 years. The frequency of application of drops was one to two hourly for a range of 4 days to two weeks with a cumulative total of 67 days. The end point for the use of serum drops was a stable intact epithelium. The protocol adhered to the tenets of the Declaration of Helsinki, and informed consent was obtained from all participants. Once a bottle was thawed for use it was kept stored in a fridge at 4˚C between applications.
Preparation of autologous serum drops
Autologous serum for use as eyedrops was prepared by obtaining approximately 30 ml of the patient's blood in sterile vacutainer tubes without additive. The blood was left to clot at 4˚C for 10 to 12 hours before centrifuging at 4500 rpm for fifteen minutes. The serum was separated in a laminar flow cabinet and diluted with sterile saline (0.9%) to a 20% concentration and aliquoted in 2.0 ml portions clearly labelled with the patient's details. The vials were kept frozen at -20˚C. A fresh bottle was thawed and used for treatment every 24 hours. All patients were on topical preservative free chloramphenicol drops.
On the day of use the autologous serum was thawed, aspirated through the rubber cap of the sealed vial with a hypodermic needle and syringe, and transferred to a sterile dropper bottle. One sample for culture was taken following transfer of the solution before any drop was administered to the patient. The second sample was taken before discarding the bottle of serum at the end of 24 hours of use. On each occasion a drop of serum was placed on the centre of a blood agar plate and one drop into a tube of nutrient broth. Specimens were incubated at 37˚C aerobically for 48 hours. Any growth of organisms in either of the two media was further analysed for identification of the organism(s) grown. This was repeated for each patient on a minimum of four consecutive days and maximum of 14 days of treatment.
RESULTS
No patients had any adverse effects such as superficial punctate keratitis, epithelial sloughing, delayed epithelial healing, or stromal melting from the use of 20% autologous serum. In all patients a successful outcome, defined by rapid and complete epithelial healing, was observed. Of the 134 samples cultured only 13 were positive as outlined in the flow diagram (fig 1) . Staphylococcus epidermidis, a skin commensal, grew in 11 samples of five patients. In four of these 11 samples the organism(s) grew in broth only. One of these four was a sample before use on the patient. Interestingly the drop taken at the end of 24 hours use from the same bottle did not show any microbial growth. The other three of the four positive in broth only were samples from bottles at the end of 24 hours of use. The remaining seven of these 11 samples grew S epidermidis on blood agar as well. Two of these were from the same bottle of serum, which was culture positive at the start and end of 24 hours of use. A further five samples, which had been negative before use, became culture positive after 24 hours of use. In one of these samples there was additional scanty growth of viridans streptococci. For the same patient, on a different day a sample (end of 24 hours of treatment) showed S aureus. In a further, sixth patient, a single starting sample grew micrococcus, a coagulase negative staphylococcal skin commensal.
In none of the six patients who received autologous serum drops from which organisms were grown was there any clinical or microbiological evidence of infection. All patients were also on prophylactic preservative free chloramphenicol drops and this may have contributed to the lack of infection observed.
DISCUSSION
This is the first study to specifically examine the contamination of autologous serum drops used in a hospital inpatient setting. We used 20% autologous serum because earlier reports have confirmed that at this concentration it is effective in the treatment of dry eyes 3 9 and persistent epithelial defects. 4 This concentration gives adequate viscosity and a relatively high concentration of growth factors that are stable at 4˚C for 1 month. 4 There does not appear to be a need to add a bacteriostatic agent or preservative to serum when using the protocol for preparation and treatment regime described in this study. We have shown that there is no significant microbial contamination after 24 hours of use in a hospital inpatient setting. Only one out of a total of 134 samples grew a significant ocular surface pathogen, Staphylococcus aureus. This was grown after a bottle of autologous serum had been in use for 24 hours. None of the bottles grew any fungi (in the enriched broth) after 24 hours of use. Eleven samples tested in five of the patients did grow S epidemidis and in one of these there was scanty growth of viridans streptococcus as well. The growth of S epidermidis in four samples in enriched broth only, with no growth on the blood agar plate indicates a very low level of contamination. This was found in both first and second samples indicating no significant increase in colonisation with use through a 24 hour period.
Another sample in a sixth patient grew micrococcus on a morning sample only. Like S epidermidis, micrococcus is a common skin commensal and neither are considered virulent ocular surface pathogens. We cannot exclude the possibility that these were contaminants at the time of inoculation of the blood agar plate or broth. This could explain why in one patient the same bottle of serum was positive for S epidermidis before use but negative at the end of 24 hours use. Alternatively, this may reflect bacteriostatic or cidal properties in serum. S epidermidis is a potentially serious intraocular pathogen, and use of autologous serum after ocular surface reconstructive procedures that have been combined with intraocular surgery should be carefully considered.
Repeated use of drops from the same bottle with storage in the fridge may increase the risk of bacterial and fungal contamination. A previous study has reported on autologous serum growing the same organism as that which was responsible for a keratitis in two out of 22 patients. 5 The bottles of serum were used for a week at a time and then discarded and were not routinely cultured, but were when microbial keratitis was identified on clinical grounds. In one case candida was the causative pathogen also found in the serum and in another case, a coagulase negative Staphylococcus. In a different study on the use of autologous serum in 12 dry eye patients, 3 serum bottles were also used for a week at a time and then returned for culture, and it was found that mixed organisms and yeast had grown in one bottle but there was no conjunctivitis or keratitis in the patient. It shows that the adopted protocols, both for preparation and administration of autologous drops, allow safe use of the drops in a hospital setting. This study demonstrates that under the protocol described, it is safe to use autologous serum drops for up to 24 hours, in a hospital inpatient setting. 
